Abstract Present study aimed at evaluation of mosquito larvicidal and antibacterial activities of mixture of crude and solvent extracts of Curcuma amada rhizome and Tamarindus indica leaf against Culex vishnui larvae and eight pathogenic bacteria. rhizome and T. indica leaf extracts. This approach of using mixture of extracts for getting better result against harmful biological agents is a promising finding which may further approve application of coactivity of bioactive compounds of plant origin.
to develop alternatives. Plants have several secondary metabolites which are reported to exhibit antibacterial, antifungal and insecticidal properties (Bhattacharya et al., 2014; Burman et al., 2018; Pahlaviani et al., 2018) . Tamarindus indica (commonly called Tamarind), a plant under the family Leguminaceae is a tropical evergreen tree distributed throughout Africa and Southern Asia. It has a wide variety of biological effects including antimicrobial, antimalarial and antidiabetic effects (Doughari et al., 2006; Parvin et al., 2013; Satpute and Vanmare, 2017) . In another plant, Curcuma amada (mango ginger) of family Zingiberaceae distributed throughout India, antioxidant, antibacterial, antifungal, anti-inflammatory, CNS depressant and analgesic activities have been reported (Policegoudra et al., 2011) .
Larvicidal activities of C. amada rhizome and T. indica leaf have been evaluated on Anopheles stephensi individually (Vinayagam et al., 2008; Jegajeevanram et al., 2016) . Antibacterial potency of C. amada rhizome and T. indica leaf was evaluated by several scientists (Kumar et al., 2009; Escalona-Arranz et al., 2010) . The current study is focused on evaluating the combined biocidal effect of C. amada rhizome and T. indica leaf separately on mosquito vector Culex vishnui and some strains of human and fish pathogenic bacteria.
Solvent extracts
For extraction mixture of air dried C. amada rhizome and T. indica leaf were taken in 1:1 ratio (50 g of each) in thimble of Soxhlet apparatus and extracted in 1000 mL of methanol and distilled water one after another. After 72 h of extraction of the plant material in each of the solvent, the extract was filtered with Whatman No. 1 filter paper and the excess solvent was evaporated in vacuo. The dried extract of each solvent, was stored in airtight bottles at 4°C in refrigerator.
Larvicidal bioassays
The larvicidal bioassays were done following the standard protocol of World Health Organization (WHO, 2005) in laboratory condition in the Mosquito, Microbiology and Nanotechnology Research Units, Parasitology Laboratory, Department of Zoology, The University of Burdwan. Twenty five larvae of each instar were placed in sterilized plastic bowls filled with 100 mL of distilled water. From stock solution of crude extracts of mixture of C. amada rhizome and T. indica leaves 0.1%~0.5% concentrations were prepared and added separately to different bowls. Five different working concentrations (60, 70, 80, 90 and 100 ppm) were prepared from both methanol and aqueous extracts and applied on different plastic bowls filled with water (100 mL each) each containing 25 larvae of different instars for the assessment of the larvicidal property under laboratory conditions at 25°C ~30°C and 80%~90% relative humidity. Each experiment was conducted thrice in laboratory condition. After 24 h, 48 h and 72 h of exposures larval mortality were noted. Death of larvae was confirmed when they failed to react on needle probing in the siphon or cervical region.
Test on non-target organism
Extracts were also tested for their toxicity against non-target organisms, Chironomus circumdatus larvae and Tubifex sp. Each experiment was repeated thrice.
Antibacterial bioassay
Agar well diffusion method was used to determine antibacterial activity of the extracts (Perez, 1990) . For each bacterial strain, negative controls were maintained viz., 1% (v/v) DMSO (Dimethyl sulfoxide) as control for methanolic extract and sterile distilled water as control for crude and aqueous extracts. After sterilization through autoclave, Nutrient agar poured in 90 mm Petri plates and after solidification of the agar, wells of 6 mm diameter were made. Wells were filled with 30 µL each of crude extract (1%) and solvent extracts (30 mg/mL) for the bioassay along with respective controls. Tetracycline (10 µg/mL) was taken as positive control as it has broad spectrum antibacterial activity. Then each of the strains was allowed to grow on agar plate for 24 h incubation at 37°C temperature. Antibacterial activities were counted by measuring inhibition zones around the wells. The experiment was done three times.
Determination of minimum inhibitory concentration (MIC)
MIC was evaluated by dilution method as followed by the National Committee for Clinical Laboratory Standards (1993) . The cultures were diluted in Müeller-Hinton broth at a density adjusted to turbidity of 0.5 MacFarland standards. Serially twofold diluted extracts ranging from 10 mg/mL to 0.062 5 mg/mL were mixed with an equal volume of 0.5 mL inoculums prepared in the same medium in test tubes for each of the bacterial strains. The tubes were incubated at 37°C for 24 h. Two control tubes were maintained for each of the test i.e., one with only inoculums in broth and the other with 1% (v/v) DMSO in broth. The lowest concentration (highest dilution) of the extract that inhibits bacterial growth was regarded as MIC.
Fourier Transform Infra Red (FTIR) spectroscopic analysis
For functional group analysis by Fourier Transform Infrared Spectrophotometer (FT-IR) pellets were made by 10 mg of dried mixture of methanol extract of two plant parts and 100 mg of potassium bromide by using Hydraulic Press apparatus. Potassium bromide pellet without extract was taken as control. Loaded pellets (control and extract) were scanned in a range from 400 to 4500/cm in FTIR spectrometer (Jasco, FT/IR-4700) to identify functional groups present in the mixture of two methanol extracts.
Phytochemical analysis
The freshly prepared extracts were subjected to standard phytochemical analyses for the presence of different phytocompounds like tannins, flavonoids, saponins, glycosides, alkaloids and steroids and terpenoids.
Statistical analyses
Larval casualty and diameter of inhibition zones are presented as mean ±SE. The statistical analysis of the data was done by using MS Excel 2007. Experimental data of larval death were statistically analysed through Log-probit analyses and regression analyses for determining LC 50 and LC 90 using the "STAT PLUS 2009 (Trial version)" and "MS EXCEL 2007" respectively. Details of statistical verification amongst three variables viz., different instars, different concentrations and different exposure time and the larval mortality were presented through completely randomized three-way ANOVA analyses.
Results
Crude and methanol extracts of mixture of C. amada rhizome and T. indica leaves was found to have notable mosquitocidal property against Cx. vishnui in our laboratory observations. The highest mortality i.e., 100.00% mortality was recorded at 0.5% concentration of crude extract against 1 st instar larvae and 2 nd and 3 rd instars larvae after 48 h and 72 h of exposure respectively (Table 1) . No larval mortality was observed against all larval instars after treatment with aqueous extract. On the other hand cent percent mortality of 1 st instar larvae found in 90 ppm concentration of methanol extract at 48 h of exposure. In case of 2 nd and 3 rd instars larvae 100% mortality was achieved after three days of application of methanol extract of 100 ppm concentration. 4 th instar larvae were less susceptible to both crude and methanol extract with highest mortality at 0.5 % and 100 ppm concentration of crude and methanol extract respectively (Table 1) . LC 50 and LC 90 values (at 95% of confidence level) were given in Table 2 which decreases with exposure time. Results of Log probit analysis and Regression analysis of larval mortality by crude and methanol extract are presented in Table 2 . The mortality rate (Y) had positively correlation with the concentration of exposure (X) and the regression coefficient (R) value is near 1 in each of the cases. The larval death was found statistically considerable (p<0.05) through completely randomized three-way ANOVA analyses (Table 3) . Non-target populations were not harmed throughout the experimental period. All the test bacteria were susceptible to the crude and methanol extracts. Among the extracts used methanol extract was the most potent on the test microorganisms followed by the crude extract whereas the aqueous extract is ineffective against these strains (Table 4 ). The most inhibited fish pathogen by methanol extract was P. fluorescens MTCC 103 with inhibitory zones of 19.00±0.00 mm followed by B. licheniformis MTCC 530 and P. putida MTCC 1654 with inhibitory zones of 18.33±0.33 and 18.00±0.00 mm respectively. Human pathogens exhibited less susceptibility to the methanol extract with a maximum zone of inhibition of 17.33±0.33 mm against P. aeruginosa MTCC 2453. In comparison to the most potent plant extract with Tetracycline (10 µg/mL), the test isolates in most cases were highly susceptible to the plant extract than Tetracycline (10 µg/mL) except in case of E. coli MTCC 739 and S. aureus MTCC 2940. The minimum inhibitory concentration (MIC) of methanol extract ranged from 0.062 5~10 mg/mL as shown in Table 5 . Stronger activity of methanol extract against test organisms was observed at higher concentration. Therefore, concentration may play a role for the observed antibacterial activity. Preliminary phytochemical analysis exposed presence of tannins, flavonoids, terpenoids and alkaloids (Table 6) . Results of FT-IR analysis were presented in Table 7 and Figure 1 . 
Discussion
Preference has been given to larval control in management of mosquito vector as larvae are more susceptible to insecticides due to their internment to their static habitat than to adults that may escape fogging of insecticidal agents. Plant extract could be a potential source of bioactive compounds to control mosquitoes. Many plant species have been noted and recognized to have mosquitocidal activity (Bhattacharya and Chandra, 2013) . Jagajeevanram et al. (2016) reported only 70% death of 4th instar larvae of Anopheles stephensi after 72 h exposure to 0.5 % concentration of C. amada rhizome methanol extract. Whereas, Porto et al. (2017) tested larvicidal activity of several different plants at 0.5 mg/mL concentration against Aedes aegypti among which evaluation of larvicidal property of ethanolic extract of T. indica leaves was also included and showed no mortality at that concentration. Use of mixture of these two plant extracts which is first time reported as mosquitocidal agent in our experiment showed significant mortality at much lower concentration. LC 50 and LC 90 values were recorded 72.32 and 131.14 ppm respectively for the 3 rd instar larvae after 24 h of exposure which is also significantly less when compared with the previous reports on individual plants. Non-target organisms have mortality percentage of zero, therefore the bioactive fraction of mixture of these plant extracts can be safely applied to environment and possess selective toxicity to target larval population.
On the other hand, numbers of multidrug resistant microbial strains are increasing day by day and convey a great concern at using antibiotics as these become ineffective due to their disproportionate and uncontrolled uses. This situation eventually claims the thrust to the search for new antibacterial substances from various sources like medicinal plants. Several works were done using aqueous and methanol extract of plants for their antibacterial efficacy. In the present study mixture of C. amada rhizome and T. indica leaf crude and methanol extracts exhibited broad spectrum activity against tested isolates. Aqueous extracts show no inhibitory property against any of the test microorganism in vitro. Harit et al. (2013) (Garg and Grewal, 2015) . Phytochemical analysis of methanolic extract in the present experiment revealed the presence of tannins, flavonoids, terpenoids and alkaloids in the mixture of methanol extract of C. amada rhizome and T. indica leaf which implies that these compounds might be responsible for the mosquitocidal and antibacterial properties of the methanol extract. However, the IR spectra indicated presence of functional groups like alcohols, alkanes, amides, ethers, esters, ketones, oximes, nitrate, azines, carboxylic acids and amines which also ascertain the presence of various phytocompounds that might be responsible for mortality of mosquito larvae and inhibition of bacterial growth. Previously some scientist proved that amount of phytochemicals may vary with the solvents used for extraction method and also suggested methanol as best solvent for extraction of certain group of biologically active chemicals (Alo et al., 2012; Dhawan and Gupta, 2017) . As aqueous extract has no effect against all the tested bacterial strains, it may be concluded that the difference in active solvent extracts may be due to qualitative difference in the bioactive substances in two extracts. In many cases, though rich with phytochemicals, plant extracts sometimes showed astringent properties that can also be the reason for its ineffectiveness (Chukwuka et al., 2011) . Thus this previous report also supports the ineffectiveness of aqueous extract as biocide in this particular study. This is a preliminary study and has limitations as further investigations are needed to ascertain active ingredient which may fulfill the requirement of formulating an environment friendly commercial product as mosquito control as well as antibacterial agent.
Conclusion
In conclusion, the mixture of crude and methanol C. amada rhizome and T. indica leaf crude and methanol extracts tested in this study had potential mosquitocidal and antibacterial activities which are higher than their individual efficacy. This investigation has opened up the possibility of the use of these edible plant parts in drug development for human and fish consumption possibly for the treatment bacterial infections and as mosquito larvicide.
